The existing routing techniques in Cognitive Radio ad-hoc networks (CRAHN) do not consider the delay, energy consumption, interference, traffic load parameters and success rate of data delivery. In order to solve these problems, in this paper, we propose to design a relay assisted cost effective routing protocol for CRAHNS. In this routing protocol, some of the secondary users are designated as relay nodes along the route towards the destination. Multi-population Firefly Algorithm (MFA) is used to establish the routing path based on the Interference to PUs, Number of Hops and Average current traffic load, Packet reception ratio and Average residual energy metrics. By simulation results, we show that the proposed technique improves the data delivery rate and reduces the energy consumption.
In Interference-aware routing game [4] , relay efficient value (RCV) metric is used to reduce the end-to-end delay and decrease the interference from SUs. The RCV is resultant regarding space amid the impart and terminus, the efficacy function of the game theory exemplary is resultant regarding RCV, entire movement load on nodule and intrusion. But it did not deliberate the suspension, dynamic ingestion and triumph level of data transfer. In LBOR [9] , the metric of effective forwarding rate (EFR) is introduced, which indicates the success rate of data transmission of each candidate link in the opportunistic module. But it did not consider the delay, energy consumption, interference, traffic load parameters. In order to solve these problems, we propose to design a relay assisted cost effective routing protocol for CRAHNS.
RELATED WORKS
Mahdi Zareei et al [5] have suggested a new on-demand clusterbased fusion routing procedure for cognitive radio ad hoc network with uneven nodule circulation. Initially, a new spectrum-aware grouping device is familiarized. The planned grouping device splits nodule into groups based on three principles: band obtainability, power level of nodule and nodule steadiness. Hence, groups are made with the maximum steadiness to evade recurrent reclustering. Then, a routing procedure is familiarised to curtail the suspension while accomplishing tolerable distribution proportion. In that article, routing is well-defined as a multi-objective optimization difficulty to pool dissimilar distinct routing metrics to form a universal metric. Christian H.W. Oey et al [8] have suggested a novel energy-and cognitive-radio-aware routing (ECR) procedure that addresses the exclusive encounters in CRSNs, comprising active band admittance, solitary transceiver, and energy restraint. In specific, their suggested routing procedure does united nodule-channel task by considering energy, is conscious of cognitive radio at the system layer, and can grab band chance in other spectrum bands. They offered a modest investigative exemplary of the suggested ECR in the perspective of network-wide dynamism and associate it with that of the ad hoc on-demand distance vector (AODV) routing procedure. Wenxuan Duan et al [9] have suggested a load balancing opportunistic routing (LBOR) system to exploit the entire output of the entire system. They initially expressed the issue of exploiting the entire output of the system as a rectilinear encoding issue. Then, they established experiential load balancing applicant forwarder arranging and choice procedures. Kaushik R. Chowdhury et al [10] have suggested a dispersed CR routing procedure for ad hoc networks (CRP) that types the subsequent offerings: (i) obvious guard for PU recipients that are normally not sensed for the duration of band identifying, (ii) permitting manifold periods of paths centred on provision variation in CR networks, and (iii) ascendable, combined route-spectrum choice. A vital innovation of CRP is the plotting of band choice metrics, and indigenous PU intrusion explanations to a package advancing suspension towards the control network. This permits the path creation assumed over a control channel to seize the ecological and band evidence for all the transitional nodules, thus decreasing the computational overhead at the terminus.
PROPOSED SOLUTION

Overview
In this paper, we propose to design a relay assisted cost effective routing protocol for CRAHNs. In the proposed routing protocol, some of the SUs are designated as relay nodes along the route towards the destination. Multi-population Firefly Algorithm (MFA) is regarded as the one among the meta-heuristic method built to resolve optimization problems utilizing the simulation of behavior of the fireflies. The algorithm derives its inspiration from the flashing lights of fire-flies in nature. It consists of three kinds of fireflies: searching firefly, listening firefly, and updating firefly. An objective function is derived in terms of reward and punish metrics. The punish metric consists of Interference to PUs, Number of Hops and Average current traffic load. The rewards metric consists of Packet reception ratio and Average residual energy. So for better route establishment, the objective function value is to be maximized.
System Model
We consider a multi-hop CRAHN consisting of M location-aware SU nodes and n PUs, which are randomly distributed.
Figure 1: Multi-hop CRAHN
Each PU transmits in one of the n different channels.
Estimation of Metrics Interference to the Primary Users
The total interference (Q) to the primary users for a path P among the nodes Ni and Nj is defined using the following equation:
where Ptx = transmission power of node i  = propagation loss from SU to the PU i  = zi,PU where zi = Euclidean distance between Ni and PU
Average Current Traffic Load
The amount of traffic at Ni should satisfy the following condition: Let yi be the amount of generated traffic by Ni in a unit of time
where ji  reveals the existence of a potential directed link from Ni to Nj Wij represents the capacity of link (i,j) Eq (2) reveals that outgoing flow should be equal to the sum of incoming flow and generated traffic.
Eq (3) shows that flow on each link cannot be greater than its capacity.
Packet Reception Ratio (PRR)
Packet reception rate is the time average of the ratio of number of received packets to those transmitted. It is a metric of link quality. Link Quality is measured in terms of expected transmission time (ETT). 
Where Prtx = successful packet delivery probability in forward direction. Prrx = successful acknowledgement packet reception probability.
Average residual energy
Let Ei be the initial energy of a node After the time period t, the energy consumed by the node (E (t)) is given using following equation [6] E(t) = ntx *  + nrx *  (6) where ntx and nrx are the number of data packets transmitted and received by the node after time t.
 and  are constants in the range (0,1)
The residual energy (RE) of a node at time t is computed using the following equation 
where, n is the random node in R 3. Otherwise R will be added in the mobile data store of the current routing node. 4. If RNi is not the sink node, then it will retrieve the data packet and create S in order to find the routing path. 5. RNi is added to R 6. RNi will move to neighbour Nj as per the following probability
where Ni is the neighbour set of RNi 7. The displacement value of the firefly that is attracted to more attractive firefly is determined using the following equation: 10. If the data correlation of packet is within the pre-defined threshold, then the two packets will be merged into a new packet. 11. S, L, and U will access the information not only from their own group but also from other fireflies groups to conduct their own optimization in the evolution.
12. For better route establishment, the objective function value should be maximized.
EXPERIMENTAL RESULTS
Experimental Settings
The simulation of the proposed Multi-population Firefly Algorithm (MFA) for Relay Assisted Efficient Routing (MFARAER) protocol is conducted in NS2 and it is compared with Reinforcement Learning Routing (RLR) [2] and Interference Aware Routing Game (IARG) [4] . The performance is evaluated with respect to End-to-End Delay (E2D), Packet Delivery Ratio (PDR), throughput and average residual energy. The experimental settings are listed in Table 1 . 
Results & Analysis Varying the Nodes
In this section, the results for varying the number of nodes from 25 to 100 are presented in this section.
Figure 2: E2D for Varying the Nodes
The graph showing the results of E2D for varying the nodes is shown in Figure 2 . The figure depicts that the E2D of MFARAER ranges from 9.3 to 19.3 seconds, the E2D of IARG ranges from 21.3 to 21.7 seconds and the E2D of RLR ranges from 22.2 to 24.8 seconds. Ultimately, the E2D of MFARAER is 36% less when compared to RLR and 31% less than IARG.
Figure 3: PDR for varying the nodes
The graph showing the results of PDR for varying the nodes is shown in Figure 3 . The figure depicts that the PDR of MFARAER ranges from 0.63 to 0.40, the PDR of IARG ranges from 0.52 to 0.37 and PDR of RLR ranges from 0.51 to 0.32. Ultimately, the PDR of MFARAER is 21% high when compared to RLR and 19% high than IARG.
Figure 4: Throughput for varying the nodes
The graph showing the results of throughput for varying the nodes is shown in Figure 4 . The figure depicts that the throughput of MFARAER ranges from 131.0 to 201.9 Mb/s, the throughput of IARG ranges from 49.3 to 86.4 and throughput of RLR ranges from 61.1 to 130.7 Mb/s. Ultimately, the throughput of MFARAER is 42% high when compared to RLR and 55% high than IARG.
Figure 5: Residual Energy for varying the nodes
The graph showing the results of residual energy for varying the nodes is shown in Figure 5 . The figure depicts that the residual energy of MFARAER ranges from 11.5 to 11.9 joules, the residual energy of IARG ranges from 10.4 to 10.5 joules and residual energy of RLR ranges from 10.5 to 10.7 joules. Ultimately, the throughput of MFARAER is 10% high when compared to RLR and 11% high than IARG.
B. Based on Data Rate
In this section, the results for varying the data rate from 0.25 to 1Mb are presented in this section.
Figure 6: E2D for Varying Rate
The graph showing the results of E2D for varying the rate is shown in Figure 6 . The figure depicts that the E2D of MFARAER ranges from 9.1 to 19.3 ms and E2D of RLR ranges from 19.6 to 24.8 ms and the E2D of IARG ranges from 19.6 to 21.7 ms. Ultimately, the E2D of MFARAER is 37% less when compared to RLR and 31% less than IARG.
Figure 7: PDR for Varying the Rate
The graph showing the results of PDR for varying the rate is shown in Figure 7 . The figure depicts that the PDR of MFARAER ranges from 0.81 to 0.60 and PDR of RLR ranges from 0.70 to 0.52 and the PDR of IARG ranges from 0.74 to 0.50. Ultimately, the PDR of MFARAER is 15% high when compared to RLR and 12% high than IARG.
Figure 8: Throughput for Varying the Rate
The graph showing the results of throughput for varying the rate is shown in Figure 8 . The figure depicts that the throughput of MFARAER ranges from 195.7 to 261.9 and throughput of RLR ranges from 86.3 to 130.7 and the throughput of IARG ranges from 75.4 to 86.4. Ultimately, the throughput of MFARAER is 55% high when compared to RLR and 66% high than IARG.
Figure 9: Residual Energy for Varying the Rate
The graph showing the results of residual energy for varying the rate is shown in Figure 6 . The figure depicts that the residual energy of MFARAER ranges from 13.3 to 11.9 and residual energy of RLR ranges from 11.0 to 10.7 and the residual energy of IARG ranges from 11.0 to 10.5 joules. Ultimately, the throughput of MFARAER is 12% high when compared to RLR and 14% high than IARG.
CONCLUSION
In this paper, we have proposed to design a relay assisted cost effective routing protocol for CRAHNS. In this routing protocol, some of the secondary users are designated as relay nodes along the route towards the destination. Multi-population Firefly Algorithm (MFA) is used to establish the routing path based on the Interference to PUs, Number of Hops and Average current traffic load, Packet reception ratio and Average residual energy metrics. By simulation results, we have shown that MFARAER improves the PDR and throughput by reducing the E2D and energy consumption.
